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POSITIONS AND AREAS OF SUN SPOTS—Continued

Heliographic Area
East- !
Mt.

Date | stand- | VU508 pigr Total | SPOL | observatory
ard gll'\?gp in | Longi- | Lati- | POV | "for | count
time * | longi- | tude | tude | _°F | each

tude Eroup | g,y
1938 h m ° ° °

Oct. 26___| 12 27 6166 | —S.0 102.5 [—11.0 20 | U. S. Naval.
6160 | —3.0 107.5 |—15.0 25
8155 | +9.5 120.0 {413.0 9
6156 [(+13.0 123.5 [+25.0 9
6154 {-+30.0 140.5 [—11.0 2
6158 {+61.0 173.5 |+11.5 1

Oct.27.__| 11 14 6171 |—73.0 25.0 | 4+9.0 2 Do.
6168 [—64.0 34.0 |+25.0 5
6164 |-53.0 45.0 [4+15.0 2
6167 1—17.0 £1.0 |—31.0 4
6163 | +5.0 103.0 {—25.0 10
6166 | 45.0 103.0 |-11.0 ]
6165 | +8.0 106.0 [—19.0 2
8160 {+11.0 109.0 [—15.0 20
6153 (+21.0 119.0 (4+12.0 6
68156 j4-26.0 124.0 |4+25.0 12
6154 |+41.0 139.0 |—~11.0 3

Oct,28._.| 11 4 6175 (—79.0 5.9 |4+18.0 b {5 2 (R 3 | Mt. Wilson.
6171 | —60.0 24.9 1+10.0 1 3 P 13
168 |—5N.0 34.9 [4+26.0 242 ... 20
6164 |—40.5 44.4 |414.0 109 |-ooo 2
8174 | —22.0 62.9 |—15.0 12 |oooooe 5
6170 | —8.5 78.4 |—12.0 61 |.oaaeo. 12
6167 | —6.0 79.9 |[—32.0 12 |oooaoae 3
6173 | —4.0 80.9 (413.0 12 oo 2
6169 | —2.0 $2.9 | +9.0 48 |- 13
6166 |4+19.0 103.9 {—11.0 194 | o. 16
6163 (420.0 104.9 {—22.0 109 (..o 12
6160 (+4-25.0 100.9 [—15.0 388 | .. 40
6172 [427.0 111.9 | —2.0 61 ... 1
6155 (435.0 119.9 {+13.0 k1 2 6
6156 |439.0 123.9 (425.0 18
6154 [456.0 140.9 [~11.0 3

Oct.20...[ 14 21 6177 |—78.0 { 351.9 |+11.0 2 | U.8.Naval.
6176 (—73.0 356.9 | ~9.0 4
6175 (—63.0 6.9 |+17.0 3
6171 (—45.0 24.9 |4+10.0 1
6168 [—37.0 32.9 [426.0 23
8164 {—26.5 43.4 (414.0 1
6167 | 49.5 79.4 |-31.5 2
6173 (+10.0 79.9 |+15.0 2
6169 |412.0 81.9 | 49.5 8
6163 |4-34.0 103.9 |—22.5 16
€166 |4-34.0 103.9 (—-11.0 10
6160 |+41.0 110.9 |—14.0 15
6172 |4-41.5 111.4 | =3.0 1
A156 |+51.0 120.9 [427.0 []
6154 [470.0 139.9 (—11.0 1

Oct.30._...[ 11 33 6177 [—65.0 353.2 |+11.0 4 Do.
6176 [—61.0 357.2 | —0.0 4
6175 |—53.0 5.2 (419.0 8
6171 |—35.0 23.2 [410.0 2
6168 1—25.0 33.2 {4+26.0 16
6164 |—15.0 43.2 |415.0 4
6179 | 4+6.0 64.2 4160 6 ... 1
6167 |4-23.0 81.2 [—30.5 12 | 1
6173 |+23.0 81.2 |416.0 97 | e 7
6169 |+24.0 82.2 | +9.5 24 |- 4
8173 {+35.0 93.2 (417.0 1
6163 |445.0 103.2 |—23.0 315 {. 23
6166 (4-49.0 107.2 |~-11.0 97 |- 4
6160 |-+53.0 111.2 {~-13.5 485 |. 28
6172 [4-53.v 111.2 | —-3.0 24\ . 4
6156 [64.0 122.2 1427.0 194 | 2,168 2
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POSITIONS AND AREAS OF SUN SPOTS—Continued

Heliographie Area
East- Mt
eIl wwitson Spot
Date stand- Dift Total Observatory
ard gg;gp in | Longi- | Lati- SE’Ot for |count
time * | longi- | tude | tude T | each
tude group | gay
1938 h m ° e °
Ccet. 31.._. 11 12 6180 |—64.0 34L.2 | —-4.5 36 ot 3| U. S. Naval.
6177 {—=52.0 353.2 |4+11.0 97 |oeeeee 3
6176 | =00, 0 356.2 | ~9.0 218 | 10
6175 | —39.0 6.2 |+18.0 85 |oacaoae 4
6151 | —24.0 21,2 |—12.0 [ [ 4
(* |-16.0 20.2 |+14.0 [ 1
6163 |—11.0 34.2 |424.5 315 V... 39
61484 | —~1.0 44.2 |4+14.5 2
6173 |4-37.0 82.2 |415.0 3
6163 |[+58.0 103.2 |—23.0 14
6166 |+63.0 108.2 |—11.0¢ 1
6160 {4-465.0 110.2 | —-13.0Q 12
6156 |478.0 123.2 |427.0 3

Mean daily area for 30 days—1,951. *Not numbered.

PROVISIONAL SUNSPOT RELATIVE NUMBERS FOR
OCTOBER 1938

[Dependent alone on observatlons at Zurich, Switzerland]

[Data furnished through the courtesy of Prof. W. Brunner, Eidgen. Sternwarte, Zurich,

Bwitzerland]

October Relative October Relative October Relative

1938 numbers 1938 numbers 1938 numbers
) DR R 11 .. 21 ____. 55
2 - 94 || 12.______ 134 || 22____.__ 46
[ J 55 || 18- ____ 121§ 23 .____ EC 61
4 Mac____ || 14_______ 122 1 24_______ a .__
[ S Maed 15 || 165 ______ 103 || 25__._____ aa 91
6 _.___._ Mc102 |} 16_______ 78 | 26_______ ad 104
Y (R 92 || ¥Y7______._ Me71 || 27 . |._____.._
8 . 102 4| 18__.____ d3l || 28.______ Mce ___
9 ... d143 || 19_______ 20 (| 29______. ad 148
10 ... 152 ) 20_______ Eed 58 V| 30 ___j-__..-__
31_ . __.. a 155

Mean, 24 days=93.5.
October 17. Middle large bright chromospheric eruption at
9k 43m to 9k 59= U, T., W.

a=Passage of an average-sized group through the central meridian.

b= Passage of 8 large group or spot through the central meridian.

¢=New formation of a group developing into a middle-sized or large center of activity:
E, on the eastern part of the sun’s disk; W, on the western part; M, in the central
circle zone.

d=Entrance of a large or average-sized center of activity on the east limb.

AEROLOGICAL OBSERVATIONS

[Aerological Division, D. M. LITTLE in charge}

By B. Francis DAsHIELL

During October 1938 a total of 523 aerological observa-
tions were made by airplane and radiosonde at 18 points in
the United States. The mean free-air data based on these
observations are given in tables 1 and 1a. They include
the basic meteorological elements of pressure, temperature,
and relative humidity, recorded at certain geometric
heights. At four stations a maximum height of 21 kilome-
ters was reached during 31 radiosonde observations, while
all of the 309 observations listed in table la reached a
height of 16 kilometers.

The “means’ are omitted whenever less than 15 observa-
tions are made at the surface and less than 5 at a standard
height, but 15 observations are required for those levels
that come within the upper and lower limits of the

monthly vertical range of the tropopause. A brief descrip-
tion of the methods used for computing these means will
be found under *‘Aerological Observations” in the January
1938 issue of the MonTHLY WEATHER REVIEW.

The month of October was abnormally warm, as shown
by chart 1. The mean surface temperatures (°F.) were
above normal throughout the entire United States, with
only minor exceptions along the south Atlantic coast, and
in Florida and portions of California. East of the Missis-
sippi River and west of the Rocky Mountains, the depar-
tures of mean surface temperature above the normal
were moderate, but in the central States and upper
Missouri valley the mean temperatures were in excess by
as much as 10° F. above the normal. These positive
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departures in October showed a continuance of the ten-
dency existing throughout the summer and fall months of
1938 for the surface temperature to range considerably
above the normal.

Mean free-air temperatures (°C.) recorded above the
surface over the United States during October at all sta-
tions were seasonally lower than those noted in the preced-
ing month of September, except over Sault Ste. Marie,
Mich., at 3 kilometers. The highest mean temperatures
were confined generally to the southern half of the country,
but a warm area pushed northward as far as Omaha,
Nebr. The highest October means for the country, as
recorded at each level, were noted over Pensacola, Fla.
(18.2° C.); Oklahoma City, Okla. (18.3° C.); El Paso, Tex.
(18.3°C., 15.4° (., 11.9° C,, and 8.1° C.); and over Pensa-
cola, Fla. (0.2° C. and —5.8° C.);at 0.5, 1, 1.5, 2, 2.5, 3, 4,
and 5 kilometers, respectively. The lowest mean temper-
tures of 6.8° C.,6.0° C.,6.2°C.,8.9°C.,1.9°C,, -6.0°C,,
and —12.4° C., occutred over Sault Ste. Marie, Mich.,
at 0.5, 1, 1.5, 2, 2.5, 4, and 5 kilometers, respectively, while
the lowest at 3 kilometers (—0.1° C.) was reported over
Seattle, Wash.

Mean temperatures were decidedly lower during the
current month at all levels over Seattle and Spokane,
Wash., than those recorded in September when the same
two stations reported exceptionally warm means at all
levels. Over Spokane, Wash., the mean temperatures in
October were lower than in September by 10.0° C., 9.5° C.,
8.5°C., 7.2° C., 6.0° C., 4.3° C., and 3.4° C., at 1, 1.5, 2,
2.5, 3, 4, and 5 kilometers, respectively. However, over
Sault Ste. Marie, Mich., Chicago, Ill., Nashville, Tenn.,
and Omaha, Nebr., the mean temperatures for October at
each level were only slightly lower than those recorded in

"the preceding month of September.

In the high altitudes above 5 kilometers, where records
were obtained only by radiosonde, the lowest mean temper-
ature for the United States was —65.2° C., over Oklahoma
City, Okla., at 17 kilometers. Slightly higher mean mini-
mum temperatures (—60.6° C. and —624° C.) were re-
corded farther north over Sault Ste. Marie, Mich., and
Fargo, N. Dak. All of the lowest mean temperatures for
all stations were recorded along the 17-kilometer level as
was also the case during the preceding month of Septem-
ber. A gradualincrease in the mean temperature occurred
upward above 17 kilometers, to as much as —60.4° C. over
Oklahoma City, Okla., at 21 kilometers. This was the
lowest recorded at the highest altitude reached in October.
However, temperatures for the current month were slightly
higher in the high altitudes than those recorded during
September at corresponding levels.

Isobaric charts prepared from the mean pressure data
given in tables 1 and 1a, showed that during October s
statistical low pressure area existed in the lower levels
over Fargo, N. Dak. In the higher levels this area ex-
tended east and west over the entire northern tier of
States, but was centered over Sault Ste. Marie, Mich.
Pressure, however, in the higher altitudes reached by
radiosondes, continued lower over Fargo, N. Dak., as
well as Sault Ste. Marie, Mich. Pressure was relatively
low over the far Northwest, but it was high over the
southern States at all levels with the center apparently
over Pensacola, Fla. Mean pressures recorded over the
country in October showed little difference from those
noted during September, but they were slightly lower over
the South in the upper levels, and decidedly lower over
Fargo, N. Dak., at all levels.

High relative humidities prevailed during October over
most of the Far West, the Pacific coast, and the Northeast,
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articularly over Spokane, Wash., and Sault Ste. Marie,

lich., at all levels. This distribution coincided closely
with those sections of the United States that showed high
percentages of normal precipitation for October, but
differed from that condition which existed in the previous
month of September when high humidities were found
over the eastern half of the country. The highest mean
humidity for the United States was recorded over Sault
Ste. Marie, Mich., at all levels. It diminished steadily
from 90 percent at the surface to 56 percent at 5 kilo-
meters, and 47 percent at 9 kilometers. El Paso, Tex.,
reported the lowest humidity recorded in the lower levels
(39 percent), but this was increased to 60 percent at 4
kilometers. Over Norfolk, Va., the lowest humidity re-
ported at all levels above 2 kilometers (32 percent at 4
kilometers) was noted. This situation he}d generally
over most of the rest of the South and Southeast. But at
Omaha, Nebr., while mean relative humidities were com-
paratively high at all levels, that State reported the small-
est amount of precipitation of any during October (11
percent of normal).

Resultant winds in the free atmosphere, based on pilot-
balloon observations made near 5 a. m. (75th meridian
time), are shown in table 2. The resultant wind directions
remained much closer to their normals during the month
of October than in the preceding month of September when
unusually wide divergences were noted. However, there
were several outstanding departures in resultant velocities
from normal observed in October, but these were mostly
less than normal and confined generally to the 3- and 4-
kilometer levels.

The outstanding departures or differences between the
October resultant directions and their normals in each
level over the United States were: 163° at Medford, Oreg.
(when the October direction is rotated in a clockwise
direction away from its normal); 119°, 87°, 82°, 96°, and
86° (when rotated counterclockwise) over Oakland, Calif.;
162° (counterclockwise) and 153° (clockwise) over Key
West, Fla.; and 75° (counterclockwise) over Spokaue,
Wash.; at the surface, 0.5, 1, 1.5, 2, 2.5, 3, 4, and 5 kilo-
meters, respectively.

The greatest departures of the resultant directions from
normal at all levels were noted over Oakland, Calif.; Key
West, Fla.; Medford, Oreg.; Atlanta, Ga.; San Diego,
Calif.; and Nashville, Tenn. Over Oakland, Calif., the
October resultant directions were 158°, 235°, 278°, 270°,
244° 246°, 251°, 305°, and 332° as compared to the
established normals of 156°, 354°, 5°, 352°, 340°, 332°,
294°, 272°, and 313°, at the surface, and 0.5, 1, 1.5, 2,
2.5, 3, 4, and 5 kilometers, respectively. As previously
recorded for several months in 1938, the stations at St.
Louis, Mo.; Chiecago, Ill.; and Oklahoma City, Okla.,
again showed the least departures from the October
resultant directions and their normals at all levels.

Farther north, at Medford, Oreg., the greatest departures
occurred at the surface and at 0.5 kilometer, where the
differences were 163° and 113°, when rotated in a clock-
wise direction. Above these levels the differences were
much less, and the monthly resultants departed in an
opposite direction with a counterclockwise rotation away
from normal. In the South, over Atlanta, Ga.; Nashville,
Tenn.; and Pensacola, Fla., decided variations from normal
were noted in the upper levels. Above 1.5 kilometers
they departed widely from normal in a clockwise direction
so that the winds were northerly. Atlanta, Ga.; showed
outstanding departures at all levels. These differences
were: 10°, 25°, 26°, 62°, 45°, 53°, 67°, 64°, and 68°,
departing in a clockwise direction northward from normal,
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at the surface, and 0.5, 1, 1.5, 2, 2.5, 3, 4, and 5 kilometers,
respectively.

The distribution of resultant wind directions over the
United States at all levels during October showed that,
above the surface, the winds were almost generally from a
westerly direction. At 1.5 kilometers 45 percent of the
winds fell in the northwest quadrant, 32 percent in the
southwest, 14 percent in the southeast, and 9 percent in
the east. Of all the winds having westerly components
those from the northwest quadrant predominated slightly
at all levels up to 4 kilometers. At 5 kilometers, however,
50 percent of the winds were southwesterly, 37 percent
northwesterly, and 13 percent northeasterly. A small
percentage of the directions fell in the northeast quadrant
at all of the levels from 0.5 to 5 kilometers.

Over San Diego, Calif., Seattle, Wash., Albuquerque,
N. Mex., and Cheyenne, Wyo., the current wind directions
departed from normal by turning in a counterclockwise
rotation at all levels, while over Atlanta, Ga. (as explained),
Boston, Mass., and Brooklyn, N. Y., the winds departed
from normal by rotating in clockwise directions. The
departures in direction at each level over all pilot-halloon
stations were nearly equally divided—b56 percent having
counterclockwise rotations away from their normals, and
the average station departure from normal for each level
showed there was a steady increase in the departure dif-
ferences with altitude. These average differences (all
stations) between the current resultant directions and the
normals for each level were: 26°, 38°, 24°, 25°, 29°, 32°,
35°, 44°, and 47°, at the surface, and at 0.5, 1, 1.5, 2,
2.5, 3, 4, and 5 kilometers, respectively. The 2-kilometer
level showed the most consistent departure in direction,
for 63 percent of all stations recorded departures that
rotated counterclockwise from their normals.
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Resultant wind velocities during October were less than
normal at Boston, Mass., by negative differences of 0.3,
2.3, 3.8, 3.2, 4.0, 3.7, 2.7, and 5.6 meters per second, at
the surface, and at 0.5, 1, 1.5, 2, 2.5, 3, 4, and 5 kilometers,
respectively. This station showed more negative depar-
tures at all consecutive levels than any other station in
the country. Billings, Mont., Chicago, Ill., Detroit,
Mich., Spokane, Wash., and St. Louis, Mo., reported
smaller negative departures at all levels. No station
showed positive (or greater than normal) velocity de-
partures at all levels, but at Pensacola, Fla., Salt Lake
City, Utah, and San Diego, Calif., large positive departure
ditferences were recorded at most of the levels. In this
respect, Pensacola, Fla., indicated the greatest positive
differences for the country of 1.1, 3.0, 3.4, 2.7, 0.8, and 1.4
meters per second, at 0.5, 1, 1.5, 2, 2.5, and 4 kilometers,
respectively. Light velocities, as well as slicht departures
from the resultant velocity normals, occurred at Oakland,
Calif., Fargo, N. Dal., Nashville, Tenn., Key West, Fla.,
and Atlanta, Ga. Several of these stations showed, as a re-
sult,outstanding resultant direction departuresfromnormal.

Maximum wind velocities for October, as shown in
table 3, occurred at a number of stations over the United
States. Winds having a speed of 50 meters per second or
more (114 miles per hour or more) were reported from Las
Vegas, Nev., Greenshoro, N. C., Evansville, Ind., Billings,
Mont., Denver, Colo., and Albuquerque, N. Mex., at
different levels. The highest velocity reported was 78.0
m. p. s. (174 miles per hour) from the SW., over Denver,
Colo., in the 17th, at 8 kilometers. The greatset velocit
recorded nearest the surface was 34.8 m. p. s. over Med-
ford, Orez., at 0.8 kilometer, and that at the greatest
altitude reached was 59.2 m. p. s. over Albuquerque, N.
Mex., at 14 kilometers.

TaBLE 1.—Mean free-air barometric pressures (P) in mb., temperatures (T) in °C., and relative humidilies (R. H.) tn percent oblained by air
planes during October 1938

Altitude (meters) 1. s. 1.

A 5
Stations and elevations in meters Surface 500 1,000 1.500 2,000 2,500 3,000 4,000 5,000
above sea level
Num-
R R. R R. R R R. R R
l())t:'sof PIT. (g|{P T | |P| T |g|P] T gP ! T g | P T g |2 T |g | B| T |gIP| T |H

Bitlings, Mont. (1,090 m)_.____.___ __ 28 .1 80 8.8 541 vost 2.A0 54| 625{—3.21 55! 550} —9.8] &2
Cheyenne, Wyo. (1,873 m)_. . 31 JRE SIS IO S 021 9.0 46| 710l 5.3 447 627|—1.7| 48) 5521 —9.2| 50
Chicago, IIl. (187 m)o.__.___ - 31 L1 . 6 0z 8.6 500 710 3.0] 49| 626(—3.8| 50| 551|—10. 5 47
Coco Solo, C.Z1(15m)_ ... I 2011, L6 . 0 5 15.4 80 7120 10. 6] 75| 6317 4.9 75 558 —0.7 74
El Paso, Tex. (J,193m).____ .. _— 3 83 50 1504 14| 713] 81| 47| 631] 0.0 60} 555| —6.3| 51
Lakshurst, N.J.1(39m)_____. - 2711, .8 ) 5.2 41| 707 0.2 39| 624]—6.0 37(.___(-..... R
Norfolk, Val (10m)..._.___._ 17|1, Q.2 3 7.8 350 712| 3.5| 33| 62x|—2.3| 32| 553| —9.2] 31
Pear! Harbor, T. H.' (6 m)__. - 311, L0f T4 865 15.1 2( 715 11.8) 47| 634] 7.8/ 31 861 3.7] 24
Pensacola, Fla.t (13m)_____ - 11, 3.1 60] S05[ 10.5 50| 713{ &4 47| 631 0.2{ 41| 556 —5.8 34
St. Thomas, V.10 (Sm)_. _____ - 311, ROS| 7O Soh| 16,2 TH Ti7| 11.4] &3] 6351 5.9 5S{ 561 0.1 5S¢
Salt Lake City, Utah (1,235 m)_ 31 1| 54[ 801 9.9 51} 700 3.5 53| 626[—2.9 55| 551| —9.0 54
San Dijago, Calif.! (10 m)._ 311 1| 61 802 10.7 83| 710]  &.5] 45| 628]=0.2] 43] 553 —7.6] 41
-, Wash.l (10m) ___ 19]1 7| 48[ sa0) 5.1 431 707(—0.4] 40| ___|.-_.. RO (UPRI R

. Wash. (597 m)______ - 31 7l 67 suoj 5.0 64 7061—0.1| 80f 623]—4.9] 52| 548/—10.3] 50

1 Navy.

Observations taken about 4 a. . 75th meridion time, except by Navy stations along the Pacific coust and Hawaii whei e they are taken at dawn,
Note.—None of the means included in this table are based on less than 15 surface or 5-stundari-level observations.
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TaBLE la.—Mean free-air barometric pressures (P) in mb., temperatures (T) in °C., and relative humidities (R. H.) in percent obtained by
radiosonde during October 1938

Stationz and elevations in meters above sea level

. Fargo, N. Dak. Nashvillo. Tenn. Qakland. Calif. Oklahoma City, Omaha, Nebr, Sault Ste. Marie, Washington, D, C.
Altitude (r?etprs) (274 m) (180 m) (2 m) COkla. (391 o) (300 m) Mich. (221 m) (13m) !
m.s. L
Num- Num- Num- Num- Num- Num- Num-
verof| P.| T. g berof{ P.| T. g berof| P. T. }1} berof| P T. % berof| P.} T. ]B{ beroff P.| T. ]}} berof| P. T. g
obs. | obs. “| ohs. *| ohs. * | obs. *1 oba. | obs. :

o
o
=

e AT ONW RO Nl DN DS DO DD I D
l
MO0 TN EN 1D 0 00 D 0 I A0 G0 U0 i GO sk O

T e it 5 09 WO 1D S B U RS D0 D~ T ke = 0
B BRI NS 10— ~ I DN D W =l e~ 115 RS

43 [ S ot R s R el et s b g
LD IS W AW = = D OW D DO IS G = D Nl D
]
=

i Navy.
Observations taken abaut 4 a. m. 75th mevidian time, except by Navy stations along the Pacific coast and Hawati where they are taken at dawn.

NoTE.—None of the means {ncluded in this table are hased on less than 15 surface or 5-standard-level observations. X .
Number of ohservations refers to pressure only as temperature and humidity data are missing for some observations at certajn levels also the humidity data is not used in daily

observations when the temperature is below —40° C.
TaBLE 2.— Free-air resuliant winds (melers per second) based on pilot-balloon observations made near 5 a. m. (E. S. T.) during October 1938

[Wind from N =380°, E=090°, ete.]

Alhl:l%uer- Atlante, || Billings, || Boston, || Brooklyn, || Chevenne, |} Chicago, C'Iil‘;f;m' Detroit, Fargo, Houston, || Key West, || Medford,
NqMéx Ga. Mont. Mass. LY. Wyo. TIL Ohio Mich. N. Dak. Tex. Fla. Oreg.
T 3 (302 m) (1,095 m) (15 m) (15 m) (1,873 m) (192 m) (204 m) (274m (21 m) (11 m) (410 m)
Altitade (1,554 m) (153 m)
(méters)
m. s, 1. 81 b ER S g1 » g | m 21 . g1 g | = g8 | = RS g | = g | & 21w g |
= = = ] = = <] = = b= per) = P = = = = =2 = =] <] b~ = 2 B =
© B =] 3] o S © 33 5% > 5] ] 1% 3] 133 33 3 5] ] 5] ] g 2 =3 2 (3]
el 212l ElEElsle sl el2lei2lE slE |22l 302|131 E&|3
A > A > A > =] > A > =] = A > A 28 [s] > =} > A > A B j=] >
o o - o o o o o o o -3 -3 o
15| 1.4 275 | 2.1 3361 1.5 345 | 2. 217 | 1.3 531 0.4 2371 1.4 170 1 0.8 2|14 50 | 2.5 325 | 0.4
55124 [|--ce-r]-em-- 3531 2.6 914 235 | 4.9 213 | 1.3 251 1 4.1 2301 1.3 113 | 1.4 59152 315 0.7
861 8.5 (|ecccac]-omao 319 | 1.8 356 1 5, 2581 5.1 270 1 3.3 255 | 5.7 K2 1 2.8 89123 91|38 154 1.5
1522 256 | 3.1 307 | 4.0 313 | & 27 G.3 205 1 4.0 273 | 5.8 279 | 5.4 66 | 2.7 1221 1.3 175 2.7
347 | 2.9 2063 | 4.4 312 1 4.3 315 ) 4 274 | 6.4 0% | 4.4 206 | 5.3 271 8.0 63125 153 | 0.7 1491 4.0
352 | 2.7 280 { 5.2 06167 323 | & 2x2 1 6.1 314 | 3.8 290 | 6.7 276 8.8 441 3.3 190 | 0.4 201 4.2
7139 277 1 5.7 307 | 7.7 324 | 4 203 | 6.6 330 | 4.1 205 1 6.4 296 110.7 531 3.3 300 1 0.6 231 3.0
3|41 248 1 2.2 351 | 5.6 47 | T3 [} 2661 5.1 1j-.---- - 328 1 6.4 308 1 6.8 305 | 7.6 17 ]13.0 118 1 0.8 254 2.5
LR IR | TS | o PO | AU N | N 38 AT | N N | ISR NS | SIS SN | BRI RS 340 | 3.9 ||.cooo ool
Pear] Har- : f Sault Ste 3
Nashville, [} Oakland, || Oklahoma Omaha, bor, Terri- || Pensacola, || 8t. Louis, || Salt Lake |[ San Diego. || ~ Marie, Seatlle, Spokane, ‘Washing-
Tenn. Calif. City, Okla. Nebr, tory of Fla.t Mo. City, Utah Calif. Mich. Wash. Wash. ton, D
(194 m) (8 m) 402 m) (306 m) Hnwaiil (24 m) (170 m) (1,204 m) (15 m) (198 n\.) (14 m) (603 m) (10 m)
Altitude (B8 m)
(meters)
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TABLE 3.—Mazimum free air wind velocities (m. p. 8.), for different sections of the United States, based on pilot balloon observations during
October 1938

Suarface to 2,500 meters (m. s. 1.) Betweewn 2,500 and 5,000 meters {m. 8. 1) Above 5,000 meters (. 8. 1.)
£ g : g : g
i £z g e Ex g e 2 = P!
Section 3% £ g Station g% = '§ “ Station £ =2 -g "3 Station

52 & 2z | s z= g 28 | g 22 2 2d | g

& 5 5 148 = 5 = = = 5 = ]

= A < ] 2 =) -« =] = A = A
Northeast 1______ 39.2 26 | Cleveland, Ohio._.__ 39.0 | BW____. 3700 | 19 | Cleveland, Ohio.._._. 39.0 15 | Cleveland, Ohio.
East-Central §___{ 30.2 26 | Cincinnati, Obio.____ 31,0 F W_____ _} 840601 28 | Cincinpati, Ohio_____ 50.0 24 | Greensboto, N. C.
Southeast 3______ 28.2 27 | Spartanburg, 8. C____|| 34.6 | SW_. 5000 | 24 | Charleston, 8. C.._.. 46.0 24 | Charleston, 8. C.
North-Cencral 4| 20.1 14 | Huron, 8. Dak.____.__ 4L8 | NNW___| 4,930 26 | Fargo, N. Dak__.__._ 43,0 V 13 | Fargn, N. Dak.
Clentral 5_________ 35. 4 5| Evansville, Ind____ 36.8 [ NNW 3.230 | 27 ¢ Moline, II______ . ___. 54,0 | WNW__{ 11.930 | 25 | Evansville, Ind.
South-Central ¢._] 29.2 17 | Amarillo, Tex__. 26.6 | NW__ 3,910 | 23 Okl:)iillmum City, 45.0 { W_o__..__ (12,330 | 21 Olgla{klloma City,

Okla., 3.

Northwest 7___.._| 34+ 8 28 | Medford, Oreg___._.. 35.0 | SSW____| 2,880 | 28 | Pendleton, Oreg___.. 5.2 | NE_____ 9,380 | 8 | Billings, Mont.
West-Central 8___| 35.2 | S____ 14 | Salt Lake City, Utah_|| 34.4 | SSW__. | 3.000 | 15 | Salt Lake City, Utah.|| 78.0 | SW_____[ 7,060 | 17 | Denver, Colo.
Southwest $.___._ 27.8 | SSW____ 15 | Las Vegas, Nev____._ 50.0 | SSW_._.| 3.540 | 15| Las Vegas. Nev___....|| 59.2 | WSW___| 14,040 | 18 | Albuquerque,N.Mex.

! Maine, Vermont, New Hampshire, Massachusetts, Rhode Island, Connecticut,
New York, New Jersey, Pennsylvania, and northern Ohio. i

? Delaware, Maryland, Virginia, West Vlrginia, southern Ohio, Kentucky, eastern
Tennessee, and North Carolina.

2 Sonth Carolina, Georgia, Florida, and Alabama.

4 Michigan, Wisconsin, Minnesota, North Dakota, and South Dakota,

s Indiana, Illinois, Iowa, Nebraska, Kansas, and Missouri.

¢ Mississippi, Arkansas, Louisiana, Oklahoma, Texas (except El Paso), and western
Tennessee. :
7 Montana, Idsho, Washington, and Oregon.
8 Wyoming, Colurade, Utah, northern Nevada, and northern California.
T“ Southern California, southern Nevada, Arizona, New Mexico, and extreme west
exas,

RIVERS AND FLOODS

[River and Flood Divisior, MERRILL BERNARD in charge}

By BENNETT SWENSON

No floods occurred during the month of October 1938
with the exception of floods in the upper Mississippi
Basin and in the lower Rio Grande which were a continu-
ation of overflows that began in September. The flood
in the upper Mississippi will be discussed below. The
overflow in the Rio Grande was limited to the extreme
lower reach of the river. Flood stage was exceeded at
Mercedes and Brownsville, Tex., from September 29 to
October 3 and crested on October 1 at a stage of 22.0
feet at the former station and 18.6 feet at the latter.
The principal damage in this flood was caused by a break
in the main levee, on the American side of the river,
about 2 or 3 miles above Brownsville, Tex., resulting in
inundation of approximately 1,200 acres of land. The
total damage has been estimated at $2,500.

The upper Mississippi flood resulted from heavy rains
over southern Minnesota, southern Wisconsin, northern
Ilinois, and central and northern Towa. The flood was
largely a tributary flood, with the Chippewa, Black,
Wisconsin, Zumbro, and Whitewater Rivers particularly,
experiencing unusually severe floods. The heavy rains
began about September 5 and continued until September
14, and occurred again from the 17th to the 19th, but the
rains of the latter period were not generally as intense
and did not have a great effect on the high water except
to prolong it somewhat. Figure 1 shows the distribution
of precipitation from September 5 to 14. The data used
in the preparation of the isohyets may be found in
Climatologieal Data.

A meteorological analysis of the storm shows that the
rainfall was caused primarily by a strong influx of moist
tropical air from the south and southwest overrunning
a wedge of cold polar air to the north and northeast over
the extreme upper portion of the Mississippi Valley.
This condition persisted almost entirely from September
5 to 14,

The front at the surface lay in a general east-west
direction approximately over the southern boundaries of
Minnesota and Wisconsin and remained almost stationary
from the 5th to the 12th. A series of active waves moving
along this front produced frequent rains during this

period. On the 12th a mass of polar air moved in from
the northewst and the front was displaced slightly to the
southeast, resulting in clearing weather temporarily.
However, on the morning of the 13th another wave had
advanced northeastward to southwestern Iowa accom~
panied by moderately heavy precipitation. This disturb~
ance moved slowly eastward from that point followed by a
large mass of dry polar air which dominated the upper
Mississippi region by the evening of September 14.

The stream of tropical air which invaded the upper
Mississippi Valley from September 5 to 14 was maintained
by a large anticyclone situated over extreme eastern
United States and extending to high elevations. At
14,000 feet the center was located approximately over
western Tennessee and dominated most of the eastern
half of the country. The persistence of this anticyclone
prevented any marked invasion of polar air except in the
extreme upper portion of the Mississippi Basin until the
14th, when the anticyclone weakened considerably at
high levels and was displaced to the southward and
southeastward. At the same time a low at high levels
moved eastward over the Lake region and brought in cold
air from the northwest over most of the Mississippi
Valley.

The flood was unusual in that floods rarely occur at
that season of the year in the upper Mississippi Basin, the
flood season extending usually from March to June.
Table 1 presents crest stages at various points on the
principal streams together with comparative data.

The following reports have been submitted by the
officials in charge at the various river district offices in
the upper Mississippi Valley:

LA CROSSE, WIS., RIVER DISTRICT

Whitewater and Zumbro Rivers in Minnesola.—An intense local
flood of sho-t duration occurred in the Whitewater River area from
September 6th to 9th. Two storms of over 2 inches of rain pro-
duced disastrous floods in this valley which caused considerable
loss to bridges, highways, crops, and a few buildings. Flood
damage was greatest at Weaver, Minn., also considerable damage
oceurred at Elba and Beaver, Minn.; the latter town was isola'ged
and had the highest stage recorded in years. Rains of great in-



